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Two new modifications of manual cardiopulmonary re•
suscitation, high impulse compression at a rate of 120/min 
and interposed abdominal compression at a rate of 60/min, 
have been reported to produce better hemodynamic re•
sponses than standard cardiopulmonary resuscitation at 
60/min. However, the effect of these two new methods 
on initial resuscitation success and 24 hour survival is 
unknown. In this study, 30 mongrel dogs were divided 
into three equal groups, each treated with one of three 
types of manual cardiopulmonary resuscitation. Ven•
tricular fibrillation was induced electrically in morphin•
ized, endotracheally intubated dogs emerging from halo•
thane anesthesia. After 3 minutes of circulatory arrest 
without intervention, one of the three techniques of man•
ual cardiopulmonary resuscitation was begun, and con•
tinued for 17 minutes. Defibrillation was performed at 
20 minutes. Successful resuscitation was defined as a 
mean arterial blood pressure of at least 60 mm Hg, 
Manual cardiopulmonary resuscitation, as recommended by 
the American Heart Association, can often maintain vital 
organ perfusion until definitive therapy is applied, and there•
fore does save lives (l,2). However, manual cardiopul•
monary resuscitation, as currently performed, cannot sustain 
vital organ perfusion for prolonged periods. Depending, 
among other things, on the delay between the initiation of 
manual resuscitation efforts and the application of definitive 
therapy, survival has been reported to vary from 4 to 40% 
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without chest compressions, 10 minutes after the initial 
defibrillation attempt. Intensive care was provided for 
2 hours, including hemodynamic and respiratory mon•
itoring, and drug intervention when required. 
Twenty-four hour survival and neurologic deficit were 
used as critical measures of outcome. Ten of 30 animals 
survived 24 hours with a mean neurologic deficit score 
of 5% (normal = 0, brain dead = 100). There was no 
difference in initial resuscitation success, 24 hour sur•
vival or neurologic deficit of the survivors among the 
three manual cardiopulmonary resuscitation methods. 
Aortic diastolic and calculated coronary perfusion pres•
sures were similar for all three methods. Well performed 
standard manual cardiopulmonary resuscitation is as 
effective as these modified versions (high impulse 
compression and interposed abdominal compression) when 
compared in the same animal model. 
(J Am Coli CardioI1986;7:859-67) 
(3-6). The poor outcome after prolonged manual cardio•
pulmonary resuscitation has provided an impetus for de•
veloping new techniques. 
Several research groups have described new or experi•
mental methods of basic and advanced life support that 
generate improved perfusion pressures, carotid artery blood 
flow, cardiac output or regional blood flow when compared 
with standard cardiopulmonary resuscitation. Two of these 
experimental methods require no equipment and are there•
fore categorized as basic life-support techniques. These are 
high impulse compression cardiopulmonary resuscitation (7,8) 
and interposed abdominal compression cardiopulmonary re•
suscitation (9-11). Other recently described methods re•
quire equipment as adjuncts, making them advanced life•
support measures (12-16). 
This paper focuses on three manual techniques that are 
suitable for basic life support. The first is standard cardio•
pulmonary resuscitation as recommended by the American 
Heart Association (l.2). The second technique, high im-
0735-1097/86/$3.50 
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pulse compression, utilizes a more rapid chest compression 
rate and a shortened compression duration (7,8). High im•
pulse compression cardiopulmonary resuscitation has been 
reported to produce significantly higher aortic (mean and 
end-diastolic) pressures and cardiac output compared with 
standard cardiopulmonary resuscitation (7,8). Another new 
type of manual cardiopUlmonary resuscitation is interposed 
abdominal compression, in which abdominal compressions 
are interposed between chest compressions (9). Interposed 
abdominal compression has been reported to produce higher 
aortic pressure, calculated coronary perfusion pressure and 
cardiac output than standard cardiopulmonary resuscitation 
(9,10,17). 
To date, there has been no systematic comparison ofthese 
new basic cardiopulmonary resuscitation techniques in the 
same animal model. Accordingly, the two new manual 
methods of basic cardiopulmonary resuscitation were com•
pared with standard manual cardiopulmonary resuscitation, 
emphasizing survival and quality of residual neurologic 
function as end points. 
Methods 
Animal preparation. All studies were performed in ac•
cordance with animal welfare regulations at both the Uni•
versity of Arizona and Purdue University, utilizing the guid•
ing principles of the American Physiological Society. Thirty 
adult mongrel dogs (weighing 20 to 32 kg) underwent a 2 
week conditioning program to ensure good health and nu•
tritional status. All tested negative for heartworms by two 
separate methods. Analgesia was provided with intravenous 
morphine sulfate (2 mg/kg body weight), and the dogs were 
then endotracheally intubated. They were secured in a dorsal 
recumbent position on a V-shaped board during the exper•
iment. Subcutaneous leads were placed for continuous 
electrocardiographic monitoring. Anesthesia was main•
tained with halothane during placement of fluid-filled, in•
travascular catheters. A cut-down was performed in the right 
femoral triangle and catheters were placed in the femoral 
artery and vein. These catheters were connected to pressure 
transducers (GouldiMicroswitch) and subsequently to a three•
channel direct-inking physiograph recorder (Narco Bio-sys•
tems). The system was calibrated using a mercury manom•
eter and zero reference was set to air at midchest level, a 
procedure that was repeated before each recording for mea•
surement. A 7F multipurpose catheter was placed in the 
right atrium by way of the femoral vein. A 7F pigtail catheter 
containing an intraluminal 0.1 mm stainless steel wire was 
placed in the left ventricle by way of the femoral artery, 
for electrical induction of ventricular fibrillation. After the 
onset of fibrillation, the pigtail catheter was pulled back into 
the aorta for pressure monitoring. In the first six experi•
ments, 3,000 U of heparin were given intravenously to 
minimize catheter clotting, but because of concern about 
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bleeding from resuscitation-induced trauma, heparin was not 
used in the last 24 dogs. Catheter thrombus was not a prob•
lem in these unheparinized dogs and it was thought that the 
model simulated the clinical situation better without heparin. 
After instrumentation, the halothane was discontinued, al•
lowing the level of anesthesia to diminish until corneal re•
flexes returned and the arterial blood pressure had risen to 
approximately 120/80 mm Hg. 
Experimental protocol. Ventricular fibrillation was in•
duced by electrical stimulation of the left ventricular en•
docardium and confirmed from electrocardiographic and 
pressure tracings. Documentation of ventricular fibrillation 
was the starting point of the protocol and was designated 
time zero. No cardiopulmonary resuscitation was done for 
the first 3 minutes, to simulate a period of "downtime." 
To reverse possible morphine-related respiratory and hemo•
dynamic changes, 0.8 mg of naloxone (Narcan) was given. 
After 3 minutes, manual chest compression was begun. Each 
dog received only one method of cardiopulmonary resus•
citation: standard, high impulse compression or interposed 
abdominal compression. The type of cardiopulmonary re•
suscitation technique to be used was assigned in a rotating 
sequence to control for any learning curve bias. There were 
10 dogs in each group. 
Standard cardiopulmonary resuscitation was performed 
to simulate the American Heart Association protocol (1), 
except for somewhat deeper compressions (2 to 3.5 inches 
[5 to 8.9 cm]) and included manually performed, ventral•
dorsal chest compressions at 6O/min with a 50% duty cycle. 
Systole for both standard and interposed abdominal 
compression cardiopulmonary resuscitation was defined as 
the 0.5 second during compression and diastole as the 0.5 
second during the relaxation phase. Ventilation was pro•
vided by mouth to endotracheal tube breathing from a second 
rescuer. A 5: 1 compression to ventilation ratio was used. 
High impulse compression cardiopulmonary resuscita•
tion was performed by manual ventral-dorsal chest compres•
sions at 120/min with a 20% duty cycle. Systole was defined 
here as the 0.2 to 0.3 second of compression and diastole 
as the 0.7 to 0.8 second of relaxation. Ventilation was 
provided as in the standard method, except that a 10: 1 
compression to ventilation ratio was used. 
Interposed abdominal compression cardiopulmonary re•
suscitation was performed with three rescuers and included 
both manual chest compressions and interposed abdominal 
compressions at 60/min. The abdominal compressions were 
applied during diastole, that is, the chest recoil phase, and 
were done with sufficient force to depress the abdomen by 
50%. A 50% duty cycle was used for both chest and ab•
dominal compressions. Ventilation was provided by mouth 
to endotraceal tube breathing at a 5: I compression to ven•
tilation ratio. 
Each dog received 17 minutes of cardiopulmonary re•
suscitation, during which time no drugs were given. To 
JACC Vol 7, No 4 
Apnl 1986'859-67 
KERN ET AL 
MANUAL CARDIOPULMONARY RESUSCITATION 
861 
standardize technique, compressions were provided by only 
two investigators, one performing chest compressions for 
the first 9 minutes and the second for the last 8 minutes in 
each experiment. In the interposed abdominal compression 
group, one investigator compressed the chest while the other 
compressed the abdomen; after 9 minutes, the rescuers 
switched duties. In an attempt to produce the best possible 
chance for survival, the rescuers observed tracings of aortic 
and right atrial pressures, They adjusted hand placement 
and compression force when possible to obtain the highest 
diastolic aortic pressure and aortic to right atrial diastolic 
pressure difference, without obviously traumatizing the 
animal, 
were designed to simulate the arrival of an advanced cardiac 
life-support team, The protocol included the intravenous 
administration of epinephrine (bolus of I mg or continuous 
infusion, or both), atropine (I mg), bicarbonate (0,5 to 1 
mg/kg), lidocaine and dopamine infusions. Each animal 
received such medications as outlined by the American Heart 
Association guideline (I) and as deemed necessary by the 
rescuer to ensure the best possible chance for resuscitation, 
Further cardiopulmonary resuscitation and defibrillations were 
performed as required, as was artificial respiration by either 
mouth to endotracheal tube breathing or Ambu-bag using 
room alr. 
Defibrillation was attempted after 20 minutes of ventric•
ular fibrillation using external electrodes, Initial defibril•
lation was attempted with 100 J, and subsequent shocks of 
higher energy, up to 360 J, were given if needed, Full 
resuscitation efforts were performed for 10 minutes after 
the initial defibrillation attempt, following advanced cardiac 
life-support guidelines (1,2). These full resuscitation efforts 
Intensive care. Thirty minutes after the onset of ven•
tricular fibrillation, active cardiopulmonary resuscitation 
measures were stopped and the blood pressure was recorded, 
If the mean blood pressure was 60 mm Hg or greater, the 
dogs were considered to be resuscitated. Ease of resusci•
tation was recorded as previously outlined by Ralston et al. 
(18). In brief, class A dogs were resuscitated after defi•
brillation only, class B dogs required additional cardiopul-
Table 1. Trauma Scale Criteria 
Trauma Extent Score Cnteria 
Exten~lve and life-threatemng 
Heavy 
Moderate 
Mmor 
Negltglble 
None 
5 Four or more fractured nbs (flail chest) 
5 Pulmonary hemorrhage with blood in the endotracheal tube 
5 Cardiac rupture 
5 Liver laceratlons and free blood m the pentoneal cavity 
5 Rupture of great vessels or coronary artenes 
4 Three fractured rib, 
4 Pulmonary hemorrhage and atelectaSIs mvolvmg multlple lobes 
4 Transmural cardiac contusIOns 
4 Liver ooze 
4 Venou, rupture 
3 Two fractured ribs 
3 Pulmonary atelectasis and associated hemorrhage 
3 Epicardial contusIOn mvolving more than 4 cm' 
3 Serous intraperitoneal fluid (greater than 20 cc) 
3 Endotheltum damage to multiple ve~sels 
2 
2 
2 
2 
2 
o 
o 
Rib contUSIOn, as,oClated With one nb fracture 
Atelectasis without hemorrhage 
Catheter-mduced endocardial mark~ 
Serous mtrapentoneal flUId (less than 20 cc) 
Endotheltum damage to a single vessel 
Rib contusions Without fractures 
AtelectaSIs that resolves upon lung inflatlon 
Smgle mmute area of punctate hemorrhage 
Serous mtrapentoneal flUId (trace) 
Subcutaneous bleedmg at cut-down sites 
Molded chest Without contusIOns or fractures 
Normal lungs 
o Normal myocardIUm 
o Normal mtraabdommal organs 
o Normal vessels 
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monary resuscitation and drug therapy and class C dogs 
could not be resuscitated. All resuscitated animals were 
supported aggressively for a 2 hour period as if in a hospital 
intensive care unit. Ventilation and infusion of pressor drugs 
were provided if needed. All further cardiac arrests were 
treated with cardiopulmonary resuscitation and the usual 
advanced cardiac life-support treatment. Weaning from res•
piratory assistance and extubation were accomplished during 
this 2 hour period. After stabilization, catheters were re•
moved and the dogs were transferred to overnight holding 
cages. Overnight follow-up was provided including further 
administration of analgesia if the dog became agitated, as 
well as treatment of three dogs for status epilepticus with 
intravenous barbiturates. 
Neurologic testing. Twenty-four hours after cardiac ar•
rest all survivors were neurologically evaluated. A modi•
fication of the neurologic evaluation scale developed at the 
Table 2. Survival Data 
Oog CPR Resuscitation 
No. Type Resuscitated Class 
STO No C 
4 STO Yes B 
7 STO Yes B 
10 STO No C 
13 STO No C 
16 STO Yes B 
19 STO Yes A 
22 STO Yes A 
23 STO Yes A 
30 STO Yes A 
2 HIC Yes B 
5 HIC No C 
8 HIC No C 
II HIC No C 
14 HIC Yes B 
17 HIC Yes B 
20 HIC Yes B 
24 HIC Yes B 
26 HIC Yes B 
28 HIC Yes A 
3 lAC No C 
6 lAC No C 
9 lAC Yes B 
12 lAC Yes B 
15 lAC Yes B 
18 lAC Yes B 
21 lAC No C 
25 lAC Yes A 
27 lAC No C 
29 lAC Yes B 
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was used (19). 
Postmortem examination. After neurologic testing, the 
dogs were killed with an intravenous euthanasia solution 
(T-61, Hoechst). Necropsy was performed on all animals 
at the time of spontaneous death or after induced death at 
24 hours. Special attention was given to the thorax, lungs, 
heart, great vessels and abdomen including the liver, spleen, 
kidneys and bowel. All trauma was scored on a scale of 0 
to 5: 0 = no trauma, 1 = negligible, 2 = minor, 3 = 
moderate, 4 = severe and 5 = extensive and life-threat•
ening trauma. Table 1 provides the trauma score criteria. 
Data analysis. Systolic and diastolic aortic and right 
atrial pressures were measured from the graphic records at 
several times, including a pre-arrest baseline; during car•
diopUlmonary resuscitation at 4, 5, 7, 10, 13, 15, 18 and 
20 minutes; and in the advanced cardiac life-support period 
Survival NeurologiC Trauma 
(hours) Oeficit (%) Score 
0 10 
4 15 
12 7 
0 5 
0 II 
24 0 5 
24 0 0 
24 0 0 
24 0 7 
24 0 4 
2 13 
0 14 
0 9 
0 II 
24 0 7 
15 
24 0 6 
10 8 
I II 
24 0 0 
0 II 
0 10 
24 0 3 
12 5 
4 14 
12 10 
0 8 
24 55 0 
0 9 
II 
A = recovered immediately after a single defibrillation attempt without any drugs or additional cardio-
pulmonary resuscitation; B = recovered only after drug treatment or additional defibrillation, or both; C = 
impossible to resuscitate; CPR = cardiopulmonary resuscitation; HIC = high impulse compression cardio-
pulmonary resuscitation; lAC = interposed abdominal compression cardiopulmonary resuscitation; STO = 
standard cardiopulmonary resuscitation; - = no neurologic deficit determined. Animals that did not survive 
to 24 hours were not tested. 
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at 22,25, 28 and 30 minutes. Coronary perfusion pressures 
were calculated by subtracting right atrial mid-diastolic pres•
sure from the simultaneous aortic mid-diastolic pressure 
(18,20). 
The following statistical analyses were performed: one•
way analysis of variance tests were done to compare the 
blood pressures among groups, changes in blood pressures 
over time, neurologic deficit scores among groups and trauma 
scores among the three resuscitation groups. Chi-square tests 
were done to examine the differences among the three groups 
in immediate resuscitation rate, resuscitation class and 24 
hour survival. 
Results 
Immediate resuscitation. Twenty of the 30 dogs were 
successfully resuscitated (Table 2). Some of the dogs were 
resuscitated very easily, others only with great difficulty. 
According to the classification scheme developed by Ralston 
et al. (18), there were 6 dogs in class A (easy resuscitation), 
14 in class B (difficult resuscitation) and 10 in class C 
(resuscitation not possible). Twenty percent of all animals 
were resuscitated after only one electrical defibrillation at•
tempt. Successful resuscitation was accomplished in 47% 
only after repeated attempts at defibrillation and the use of 
drugs such as epinephrine. Thirty-three percent of all ani•
mals could not be resuscitated in spite of advanced cardiac 
life-support therapy. 
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There was no statistically significant difference among 
the three groups in the incidence of successful resuscitation: 
7 of 10 for standard, 7 of 10 for high impulse compression 
and 6 of 10 for interposed abdominal compression cardio•
pulmonary resuscitation. Likewise, there was no significant 
difference in the proportion of dogs in class A, B or C 
among the three types of resuscitation techniques. 
Twenty·four hour survival. Twenty dogs were suc•
cessfully resuscitated but half died before 24 hours (Table 
2). Four dogs died within 1 to 2 hours after resuscitation 
and all had major trauma from the resuscitation efforts. Two 
dogs survived for 4 hours; both apparently died from hem•
orrhagic shock, one from a very large liver laceration and 
the other from massive blood loss due to problems with 
ligation of the femoral artery. Four animals with intractable 
seizures died after 10 to 12 hours; the seizures began within 
a few hours after resuscitation and steadily worsened to 
status epilepticus. 
Five dogs that received standard compression survived 
for 24 hours, three dogs receiving high impulse compression 
survived and two receiving interposed abdominal compres•
sion survived. There was no significant difference in 24 
hour survival among these three types of manual cardio•
pulmonary resuscitation. Separation of 24 hour survivors 
into their respective resuscitation classes shows that all dogs 
in class A survived. Only 4 of 14 dogs in class B survived 
for 24 hours (p < 0.02). All dogs in class C, by definition, 
did not survive the initial episode of ventricular fibrillation. 
Table 3. Pressure (mean ± SEM) During Cardiopulmonary Resuscitation (CPR) 
Measurement Period 
Pressure 
(mmHg) Baseline 5 Minutes 10 Mmutes 15 Minutes 20 Minutes 
Standard CPR (n = 10) 
AoS 115.8 ± 3.0 5S 2 ± 4.9 65.7 ± 6 I 66.1 ± 78 70.6 ± 11.8 
AoD 77.6 ± 32 307 ± 32 284 ± 33 28.7 ± 5.1 27.4 ± 5.7 
RaS 58.4 ± 6.8 641±73 69.7 ± 7.9 728±115 
RaD 85 ± 20 7.0 ± 1.2 4.7 ± 1.0 6.8 ± 1.4 
CPP 77.2 ± 3.0 23 9 ± 3.3 21.8 ± 3.1 24.3 ± 4.7 20.8 ± 4.9 
High Impulse Compression CPR (n = 10) 
AoS 1\30 ± 3.0 
AoD 81.2 ± 3.3 28.1 ± 4.1 320 ± 53 30.6 ± 5.4 245 ± 4.5 
RaS 
RaD 67±1.2 6.4 ± J.l 4.9 ± 0.8 4.7 ± l.l 
CPP 79.8 ± 3.9 21.4 ± 3.8 25.6 ± 5.3 25.7 ± 5.3 19.8 ± 4.0 
Interposed Abdominal Compression CPR (n = 10) 
AoS 108.3 ± 3.5 62.6 ± 7.6 58.1 ± 6.2 68.0 ± 8.9 58.3 ± 7.9 
AoD 74.1 ± 3.9 36.9 ± 5.4 31.9 ± 4.5 36.6 ± 6.0 27.3 ± 5.5 
RaS 57.9 ± 7.3 60.8 ± 4.9 79.2 ± 7 5 58.5 ± 7.0 
RaD 17 3 ± 2.6 16.4 ± 2.4 13.8 ± 2.5 13.1 ± 26 
CPP 72.7 ± 3.8 19.6 ± 5.5 15.5 ± 4.9 22.8 ± 5.2 14.2 ± 4.4 
AoD = aortic diastolic pressure; AoS = aortic systolic pressure; CPP = coronary perfusion pressure; RaD 
= right atrial diastolic pressure; RaM = right atrial mean pressure; RaS = right atrial systolic pressure. 
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Hemodynamics. Representative pressure mean values 
(± SEM) for baseline and 5. 10. IS and 20 minutes are 
shown in Table 3. There were no differences in baseline 
mean values for aortic or right atrial pressures. No signif•
icant difference was found for either coronary perfusion 
pressure or aortic diastolic pressure among the three types 
of cardiopulmonary resuscitation (Fig. I and 2). Systolic 
pressures were impossible to measure accurately in the high 
impulse compression group because of catheter motion ar•
tifact; hence, no comparisons were performed. No differ•
ences in systolic pressures were found between standard and 
interposed abdominal compression groups (Fig. 2 and 3). 
Right atrial diastolic pressure was significantly greater in 
the interposed abdominal compression group than in either 
standard or high impulse compression group throughout the 
entire period of cardiopulmonary resuscitation (p < 0.05). 
No difference in right atrial diastolic pressure was found 
between standard and high impulse compression groups. 
Neurologic function. Ten dogs survived 24 hours for 
neurologic evaluation, and nine had no neurologic deficit. 
One dog had very abnormal neurologic function including 
decreased level of consciousness, cranial nerve palsies, ab•
normal muscle tone and positioning and abnormal behavior 
including inability to eat, drink, sit or stand. No difference 
in 24 hour neurologic function was detected among the dogs 
given standard compression, high impulse compression and 
interposed abdominal compression cardiopulmonary resus•
citation (Table 2). There was no difference in 24 hour neu•
rologic function between resuscitation classes A and B. 
Postmortem findings. Mean trauma scores were ana•
lyzed among the three groups (Table 2) and showed no dif•
ference among standard compression, high impulse com•
pression and interposed abdominal compression groups 
(6.4 ± 1.5, 9.4 ± 1.4 and 8.1 ± 1.3, respectively), and 
there was no difference in the type of trauma produced. 
Figure 1. Mean coronary perfusion pressures for standard, high 
impUlse compression and interposed abdominal compression meth•
ods throughout the 17 minute period of cardiopulmonary resus•
citation. 
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Figure 2. Mean systolic and diastolic aortic blood pressure (BP) 
from the three groups of dogs during the cardiopulmonary resus•
citation period. Systolic pressure for high impulse compression 
cardiopulmonary resuscitation is not plotted because of severe 
catheter motion artifact at peak systolic pressure in several subjects 
in thiS group. 
Specifically, high impulse compression did not produce a 
statistically significant increase in thoracic injuries and inter•
posed abdominal compression did not produce an increase in 
liver lacerations. No difference in trauma scores was found 
between initially resuscitated and nonresuscitated dogs. 
However, there was a difference between 24 hour survi•
vors and nonsutvivors (3.2 versus 10.4; p < 0.05). Likewise, 
animals that were initially resuscitated but died before 24 
hours had a mean trauma score of 10.9 compared with 3.2 
for those that survived the full 24 hours (p < 0.05). 
Within the resuscitation group of animals, the class A (easy 
to resuscitate) group had a much lower trauma incidence 
than did the class B (difficult to resuscitate) group (I .8 and 
9.3; p < 0.05). 
Figure 3. Mean systolic and diastolic right atrial (RA) blood pres•
sure (BP) from the three groups of dogs during the cardiopul•
monary resuscitation period. Systolic pressure for high impulse 
compression cardiopulmonary resuscitation is not plotted because 
of severe catheter motion artifact at the peak systolic pressure in 
several subjects in this group. 
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Discussion 
High impulse compression and interposed abdominal 
compression techniques of cardiopulmonary resuscitation 
have been reported (7-10) to produce higher cardiac output, 
aortic pressures or calculated coronary perfusion pressures 
than standard cardiopulmonary resuscitation. Because aortic 
diastolic and calculated coronary perfusion pressures (aortic 
diastolic minus right atrial diastolic pressures) correlate well 
with both measured coronary blood flow during cardiopul•
monary resuscitation and resuscitation success (15,18,20-
27), these findings have raised hopes that one could improve 
basic life-support by using either high impulse compression 
or interposed abdominal compression. 
Comparison of the three methods of cardiopulmonary 
resuscitation. Until now, no one has compared the effects 
of high impulse compression or interposed abdominal 
compression techniques with standard compression 24 hour 
survival after cardiac arrest. We found no difference among 
the three methods of cardiopulmonary resuscitation in initial 
resuscitation success, 24 hour survival or neurologic func•
tion of the survivors . We also found no difference in hemo•
dynamics during resuscitation. 
There may be several reasons why no difference in re•
suscitation success was found among the three types of basic 
cardiopulmonary resuscitation techniques that we studied. 
First, the similar aortic diastolic pressures and coronary 
perfusion pressure among all three groups may be respon•
sible for the similar resuscitation results. As mentioned, 
excellent correlation has been shown between both the aortic 
diastolic and coronary perfusion gradient and resuscitation 
success (15,18,20-26). No difference was found in aortic 
diastolic or coronary perfusion pressures among the three 
methods at any time during the resuscitation efforts. Hence, 
similar resuscitation sucess rates are not surprising. 
However, previous studies have found differences in aor•
tic diastolic pressures or other hemodynamic measurements 
during comparisons of high impulse compression and stan•
dard compression and also of interposed abdominal 
compression and standard compression. Maier et al. (8) 
found that high impulse compression at rates of 100 to 
ISO/min significantly raised end-diastolic aortic pressure, 
mean diastolic aortic pressure, mean aortic pressure and 
cardiac output compared with standard compression at a rate 
of 60/min. Both Ralston et al. (19) and Voorhees et al. (10) 
showed that interposed abdominal compression significantly 
increases cardiac output, aortic systolic and diastolic pres•
sures and the diastolic arteriovenous gradient compared 
with standard compression. We found no difference in 
hemodynamics during cardiopulmonary resuscitation, ex•
cept for greater right atrial diastolic pressure with interposed 
abdominal compression. Thus, our results are at variance 
with these previously published studies. We offer three pos•
sible explanations: the first relates to the differences in ex-
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perimental design, the second to the quality of "standard" 
cardiopulmonary resuscitation to which the experimental 
techniques were compared and the third to a difference in 
anesthetic agents. 
Experimental design. One possible explanation for this 
discrepancy is a fundamental difference in experimental de•
sign between our study and those previously published. In 
previous studies, each animal served as its own control, and 
hemodynamic variables such as perfusion pressure or re•
gional blood flow were measured during alternate periods 
of experimental and standard cardiopulmonary resuscita•
tion. This basic experimental paradigm has been followed 
by proponents of both high impulse compression (8) and 
interposed abdominal compression (9,10,28). This type of 
experimental design has the advantage that it is more likely 
to produce statistically significant results. The experimental 
design itself reduces the effect of variability among different 
subjects; therefore, it is sensitive to minor changes. How•
ever, a disadvantage of the design is its propensity to given 
statistical significance to effects that are so slight as to have 
no clinically demonstrable value. Such a paradigm, in which 
each subject in his own control, is of great value in screening 
new techniques, but may not be adequate for predicting 
clinically significant improvements. Such improvements are 
most efficiently detected in the laboratory by comparing 
groups of experimental animals, each group receiving only 
one form of resuscitation. Such a design is also required to 
adequately assess risk versus benefit, as it is not possible 
to attribute complications to any single treatment if multiple 
types of cardiopulmonary resuscitation are performed on a 
given subject (29). 
Optimization of standard cardiopulmonary resusci•
tation. An important difference between our study and most 
previous studies examining high impulse compression and 
interposed abdominal compression is that we deliberately 
optimized standard cardiopulmonary resuscitation. In prac•
tice, this study sometimes employed a chest compression 
depth of 2.5 to 3.5 inches (6.4 to 8.9 cm), rather than the 
2 inches (5.1 cm) recommended in the 1980 American Heart 
Association standards. The use of higher compression force 
is based on the rationale that certain minimal aortic and 
coronary perfusion pressures must be exceeded in order to 
expect any reasonable resuscitation success (20,26). 
Optimizing the force of compression is one possible method 
of attempting to achieve such pressures (15,19). Care must 
be exercised to avoid excessive trauma. Nonetheless, our 
impression is that rescuers often err in the direction of in•
adequate compression force for fear of inducing trauma. As 
it may be necessary to exceed a certain threshold of force 
to establish measurable blood flow by basic life support, 
"timid" compressions can be a life-threatening problem 
(29). Experimentally, the variable of compression force is 
of major importance in generating artificial cardiac output 
(29,30). It appears that a more forceful standard cardio-
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pulmonary resuscitation is just as likely to produce good 
aortic diastolic and coronary perfusion pressures as is high 
impulse compression or interposed abdominal compression. 
Our more forceful standard cardiopulmonary resuscitation 
did not produce more trauma than did high impulse compres•
sion or interposed abdominal compression. Thus, the use 
of a more effective and forceful standard compression or a 
pressure-monitored standard may explain our inability to 
demonstrate a benefit for either high impulse compression 
or interposed abdominal compression cardiopulmonary 
resuscitation. 
Anesthetic difference. A final reason for the difference 
in our lack of hemodynamic benefits with high impulse 
compression or interposed abdominal compression com•
pared with previous reports is the difference in anesthetic 
agents. For example, barbiturate anesthesia makes a normal 
dog hypertensive (15,26). Maier et al. (7) previously re•
ported striking differences in hemodynamics within their 
own laboratory depending on the anesthetic agent employed. 
Our study used morphine and halothane whereas the earlier 
studies of high impulse compression used morphine and 
succinyl choline and studies of interposed abdominal 
compression used pentobarbital. 
Cardiopulmonary resuscitation and 24 hour sur•
vival. No previous study has compared the effect of these 
basic life-support methods on survival. In our study, we 
found no difference among standard compression, high im•
pulse compression and interposed abdominal compression 
cardiopulmonary resuscitation in 24 hour survival rates. There 
are several possible explanations for our finding. The first 
possibility is that there is, indeed, a small difference in the 
effectiveness of one of these three basic types of cardio•
pulmonary resuscitation, but that many more animals would 
be needed in each group to show this difference. The pos•
sibility of a type II (beta) error should be considered. None•
theless, after 30 dogs, neither high impulse compression 
nor interposed abdominal compression equaled standard car•
diopulmonary resuscitation for 24 hour survival. 
Second, it is possible that there is truly no difference in 
24 hour survival among these groups. Because initial re•
suscitation success was virtually the same for all methods, 
no inherent advantage for anyone group emerged from the 
cardiopulmonary resuscitation period. That is, no group had 
a better start toward 24 hour survival because of an increased 
number of resuscitated subjects. Hence, similar survival 
rates resulted from similar resuscitation success. 
The third possible factor influencing 24 hour survival is 
resuscitation-induced trauma. There was a marked differ•
ence in the extent of trauma between 24 hour survivors and 
nonsurvivors and also between resuscitated dogs that sur•
vived 24 hours and dogs that, although initially resuscitated, 
died before 24 hours. However, there was no difference in 
the degree of trauma produced among the three methods of 
cardiopulmonary resuscitation. 
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Finally, it should be appreciated that although the method 
of cardiopulmonary resuscitation may be important for sur•
vival, it is only one of many variables involved. Pre-arrest 
factors that could influence survival include acute and chronic 
illness, age, body habitus and individual variation in vas•
cular responses to the stress of cardiac arrest. Length of 
total arrest and "downtime" are important known factors 
that influence survival (5,6,31,32). Postresuscitation care, 
including the continued need for vasopressors to support 
blood pressure, is also known to affect ultimate survival 
rates (5). This study examined only one of these variables•
the cardiopulmonary resuscitation method-while attempt•
ing to control as many of the others as possible. These other 
variables contribute heavily to the determination of long•
term survival. 
Conclusions. Optimal standard cardiopulmonary resus•
citation is as effective as high impulse compression and 
interposed abdominal compression in initial resuscitation, 
24 hour survival and maintenance of neurologic function. 
Consequently, the current American Heart Association 
guidelines for basic life support should not be dramatically 
altered at this time, because there is no evidence for im•
proved survival, better neurologic outcome or reduced trauma 
from either high impulse compression or interposed abdom•
inal compression. 
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